Background. Proper manipulation of fibreoptic bronchoscopes is essential for successful tracheal intubation or diagnostic bronchoscopy. Failure of proper navigation and rotation of the fibrescope may lead to difficulties in advancing the fibrescope and might also be responsible for (unnecessary) difficulties and delays in fibreoptic tracheal intubation, with subsequent hypoxaemia. The present study, therefore, aimed to assess the effectiveness of tip rotation in flexible bronchoscopes in different experimental conditions. Methods. Five differently sized pairs of fibrescopes (outer diameters of 2.2, 2.4, 3.5, 4.2, and 5.2 mm) were inserted into paediatric airway manikins via an appropriately sized laryngeal mask and were turned clockwise or anticlockwise at the fibrescope body or cord to 45, 90, and 180 , with the cord held either straight or bent. The primary outcome measure was the
1
Basic manipulations of the fibrescope include advancement, withdrawal, tip deflection, or rotation. 2 In order to rotate the tip, the fibrescope should ideally be rotated in the desired direction by the hand holding the body of the fibrescope, while holding the insertion cord straight, thus avoiding loop or bend formation. 2 3 When used as a tool for successful tracheal intubation, incorrect handling of the fibrescope (i.e. the inability to rotate the tip while advancing the cord) may lead to certain difficulties in navigating it through the patient's airway, thus leading to delayed tracheal intubation, with the potential for subsequent hypoxaemia, especially in children. 4 Nevertheless, factors affecting the rotational behaviour of the fibrescope tip have yet to be studied. The aim of this study was therefore to assess the effectiveness of tip rotation of differently sized fibrescopes in different experimental conditions.
Methods
An in vitro model was chosen to study the influence of fibrescope size and positioning and manipulation of the fibrescope handle on rotational behaviour of the endoscope tip under standardized conditions. All rotational manoeuvres were performed with the fibrescope inserted into a supraglottic airway [laryngeal mask (LM)] placed in an airway manikin, which resembles current clinical practice, for instance for diagnostic bronchoscopy or fibreoptic intubation through the LM. 5 6 
Fibreoptic bronchoscopes
Five pairs of differently sized fibrescopes [outer diameters (OD) ranging from 2.2 to 5.2 mm] from two different manufacturers were used (Table 1) . Fibreoptic bronchoscopes were provided partly from the departmental airway equipment inventory and partly ordered from local distributors. All fibrescopes were in good condition regarding their optics, mechanics, integrity, and overall function. Bronchoscope size was selected in accordance with our departmental guidelines (Table 1) .
Experimental set-up
Two different paediatric settings were used: (i) a Laerdal MegaCode Baby V R manikin with LM size 1; and (ii) a Laerdal MegaCode Kid V R phantom (both from Laerdal Medical, Puchheim, Germany) with an LM size 2.5 or 3. All LMs were Aura-I (Ambu V R , Bad Nauheim, Germany). The manikins were placed on a table in the supine position. The fibrescopes were connected to a light source (Olympus Visera CLV-S45; Olympus Medical Systems Division, Hamburg, Germany) and equipped with a video camera attached to a digital processor (Olympus Visera OTV-S7; Olympus Medical Systems Division, Hamburg, Germany) and a monitor. The fibrescopes were lubricated with silicone (RueschSilikospray; Teleflex Medical Europe Ltd, Athlone, Ireland) in order to minimize surface friction, inserted into the LM via the connector and advanced until there was an unrestricted view of the manikin's glottic opening. The precise extent of each performed rotation at the distal endoscope cord (above LM entrance, 'distal turn') was monitored by a small flag in combination with a goniometer (Fig. 1A) .
The degree of rotation of the fibrescope tip was recorded by obtaining digital images of the monitor showing the view from the fibrescope tip using a digital camera (Olympus OM-D EM-5; Olympus, Center Valley, PA, USA) mounted on a tripod.
Experiments performed
First, the degree of rotation of the fibrescope tip was assessed after horizontally rotating the endoscope body from 0 to 45, 0 to 90, and 0 to 180 clockwise or anticlockwise (termed 'body turn'), with each turn starting from 0 . In a second series of experiments, these sequences were repeated, with the fibrescope cord manually turned to the intended extent (45, 90, or 180 )
immediately above the orifice of the LM ('cord turn'), while the fibrescope body was maintained in the zero (neutral) position. Experiments were performed with the fibrescope cord either kept straight or bent (Fig. 1B) .
The sequence of the fibrescopes used and the sequence of experiments within a specific set were randomized by following a pre-assembled randomization list generated by a random sequence generator at www.random.org (accessed 8 September 2017). All experiments were performed by two operators each and repeated three times with two fibrescopes of the same size.
Calculations and statistical analysis
The primary outcome measure was the ratio of rotation measured at the tip over the rotation performed with the fibrescope body or cord, respectively, which was assessed using the ImageJ software 1.47n for Mac (http://imagej.nih.gov/ij, accessed 8 September 2017) using the following equation: degree of manual rotation/degree of rotation measured at the tip (see also Fig. 1C and D) .
Data are presented as boxplots (median with interquartile range, and whiskers indicating minimum and maximum) and Editor's key points
• Proper manipulation of fibreoptic bronchoscopes is essential for successful tracheal intubation or diagnostic bronchoscopy.
• Turning the cord of a fibrescope is more effective than turning the body of a fibrescope, in manoeuvring the direction of the fibrescope tip.
• The authors recommend to hold the cord of a fibrescope straight and to rotate both the body and the cord of the fibrescope, to manoeuvre the direction of the fibrescope tip. 
were analysed using two-way ANOVA, with the type of turn (or the fibrescope used) and the degree of turn as factors to be tested. We report the F-ratio with the degrees of freedom for each of these factors and, where appropriate, for the interaction between them. Mean effect sizes are reported with their 95% confidence interval (CI) in parentheses. Bonferroni post hoc testing was conducted to detect differences between the different types of turning (e.g. between a straight and a bent cord under otherwise similar conditions). All tests were two sided and non-blinded and conducted using GraphPad Prism software for Mac, Version 6.0h (GraphPad Software, La Jolla, CA, USA). A P-value of <0.05 was considered statistically significant.
Results
A total of 720 rotational manoeuvres were performed. After 'body' turn, a significant reduction in the degree of tip rotation was noted in the presence of a bent cord compared with a straight cord. Figure 2A , for example, shows the results for the 2.2 mm Olympus fibrescope; analysis with two-way ANOVA showed a significant overall effect of both the degree of turn [F(2,60)¼6.2, P¼0.004] and the type of turn [F(3,60)¼48.46, P<0.0001]. For this particular fibrescope, post hoc testing indicated a significant reduction in tip rotation for all experiments with a bent cord compared with a straight cord, with mean effect sizes varying between 36% (95% CI of the difference 7.6-63.5) and 63% (95% CI 34.7-90.6; all Fig. 2A ). While manipulating the fibrescope cord only ('cord' turn), no differences could be detected between rotations with a straight or a bent fibrescope cord under otherwise identical conditions (Fig. 2B) . Similar results could be obtained for all other fibrescopes (Fig.  2C-J Fig. 2F ].
Comparing results of the 'body' turn with those obtained after a 'cord' turn (pooled from all five fibrescopes), the 'cord' turn was significantly more effective than the 'body' turn when a bent cord was present (see Table 2 ).
A subsequent comparison of the different fibrescopes regarding their rotational performance with the straight anticlockwise 'body' turn showed a significantly better ratio of tip movement by the fibrescopes with larger diameters of 4.2 and 5.2 mm compared with the 2.2 and 2.4 mm fibrescopes (Table 3) .
Discussion
The main findings were as follows: (i) a bent cord significantly reduced the effectiveness of tip rotation when turning the fibrescope body only; and (ii) this lack of effectiveness could be overcome by turning the cord at the orifice of the LM. Given that the experimental model chosen represents a routine clinical setting and allows repeated investigation of different manoeuvres in standardized conditions, 7 8 the present study implies that the fibrescope should be manipulated simultaneously at its body and cord, with the cord straight, in order to ensure proper rotational performance. Although 'cord' turning was more effective than 'body' turning, simultaneous 'cord' and 'body' turning will prevent a distal distortion of the cord and thereby facilitate finger manipulations. This had also been emphasized earlier by Latto and Vaughan, 9 namely that the fingers at the cord should 'always rotate in the same direction as the proximal hand and should not normally release that end' in order to ensure proper visibility and advancement of the fibrescope. Additionally, simultaneously turning the body and the cord may minimize the risk of fibre distortion and damage within the scope compared with turning the cord only. For shorter operators, it might be difficult to maintain a straight fibrescope cord without a bench or similar to stand on. In this situation, predominant cord manipulation might prove to be more effective than twisting oneself around the fibrescope body to become another 'twisted anaesthetist'. The rotational performance of the smaller fibrescopes' (OD 2.2 and 2.4 mm) was significantly inferior with proximal fibrescope body turning compared with that of fibrescopes with a larger diameter, even with a straight cord.
This finding is not surprising, because smaller fibrescope cords are easier to distort, and a bend will rarely transmit rotation of the proximal fibrescope body to the endoscope tip accurately. In contrast, as indicated by distal manipulation of the Pentax 5.2 mm fibrescope, in larger fibreoptic bronchoscopes, a bent cord facilitates manipulation of the distal endoscope compared with a straight cord.
The observation that the effectiveness of tip rotation differed between clockwise and anticlockwise turns is difficult to explain. Neither are the sometimes exaggerated rotations measured at 45 and 90 satisfactorily explicable. Surface friction and the internal architecture of the fibrescope (optic fibres, lighting fibres, steering wires, and coating layers) might, however, be responsible for these phenomena. Owing to its in vitro character, the present study might be limited in extrapolation of its results to real-life clinical scenarios. We also cannot make any assumptions about the rotational behaviour of the different fibrescopes when advanced through the oral or nasal cavity, rather than through a supraglottic airway. However, the set-up chosen allowed us to conduct a randomized crossover study with differently sized fibrescopes in duplicate, two operators, and different manoeuvres repeated in a highly standardized manner. Flexible bronchoscopy via an LM has become increasingly popular. It has proved to be safe and even more effective with regard to airway support and ventilation than nasal bronchoscopy, not only in paediatric but also in adult patients. 10 11 In addition, prior insertion of an LM has been proved to be a suitable tool for the facilitation of intubation in paediatric patients with a difficult airway. 12 13 There is a high likelihood that the results would be even more explicit and the implications even more important if the fibrescope were to be advanced À72.6 À88.2 to À 57.0 0.0001* through structures of narrower diameter and increased resistance, such as tracheal tubes, double-lumen tubes, a nasal meatus, or the lower airway.
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Conclusion
The present study demonstrates that turning of the fibrescope cord is more effective in rotating the tip than turning the fibrescope body only. Straight cord positioning and supporting the fibrescope rotation by simultaneous ('body' and 'cord') rotation is recommended.
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